Background. Rigorous data are sparse concerning the optimal route of administration and dosing strategy for iron therapy with or without concomitant erythropoiesis-stimulating agent (ESA) therapy for the management of iron deficiency anaemia in patients with non-dialysis dependent chronic kidney disease (ND-CKD).
deficiency, iron deficiency is an important cause of anaemia in ND-CKD, arising from multiple factors directly or indirectly related to renal dysfunction [5] . Inflammation is also common and is associated with increased hepcidin levels, which lead to impaired absorption of iron from the gastrointestinal tract and retention of iron in the reticuloendothelial system [6] . Both absolute and functional iron deficiency limit erythropoiesis and are the main cause of hyporesponsiveness to erythropoiesis-stimulating agents (ESAs) [7] [8] [9] . In addition, iron is critical for many other cellular functions, such as energy metabolism, muscle performance and immune function [10, 11] .
T H E C U R R E N T E V I D E N C E B A S E
Anaemia management has centred on the use of ESA and iron therapy for the last two decades. However, following safety concerns associated with high-dose ESA therapy and aggressive Hb targets in three large clinical trials in ND-CKD patients (CREATE [12] , CHOIR [13, 14] and TREAT [15] ) the appropriate management of anaemia has been questioned and interest in the use of iron therapy has heightened. The latest anaemia guideline from the Kidney Disease Improving Global Outcomes (KDIGO) initiative recommends that iron therapy should be used to correct iron deficiency before initiating ESA therapy [16] . It also recommends use of iron therapy if an increase in Hb is desired without starting ESA therapy or a decrease in ESA dose is desired.
The effectiveness of intravenous (IV) iron therapy in correcting anaemia and replenishing iron stores has been demonstrated in ND-CKD populations [17] [18] [19] [20] [21] . However, only one randomized trial has compared the effectiveness of IV versus oral iron therapy exclusively in ND-CKD patients not receiving concomitant ESA therapy [22] (Table 1) . Limited data from another three randomized studies were derived from ESA-free subpopulation analyses in which the decision whether to initiate ESA therapy was investigator driven [17] [18] [19] .
In these three subpopulation analyses, 53.2% [17] , 29.7% [18] and 59.5% [19] of subjects had an Hb increase of 1 g/dL or more with IV iron therapy alone. Moreover, treatment with IV ferric carboxymaltose (FCM) alone achieved a greater increase in Hb compared with oral iron and a comparable increase in Hb to that observed with oral iron in combination with ESA therapy [17] . This was coupled with significantly greater increases in mean serum ferritin and transferrin saturation (TSAT) levels in FCM-treated subjects versus those randomized to oral iron. In the only trial to have excluded ESA-treated patients, IV ferric gluconate produced a more rapid Hb increase compared with oral iron, although the final increase in Hb was similar with either treatment. Notably, all four trials had short-term follow-up, lasting only a maximum of 6 weeks [17] [18] [19] 22] , which is insufficient to draw any conclusions regarding longer term safety, and all four trials employed only Hb response as their primary end point. The limited evidence base relating to IV iron therapy without concomitant ESA in patients with ND-CKD has obliged expert groups to extrapolate conclusions from the scientific evidence in dialysis patients to the ND-CKD setting when developing anaemia management guidelines [5, 16, 23, 24] .
Although IV iron has been shown to replete iron stores more effectively than oral iron in patients with ND-CKD [17, 25, 26] , a potential effect of iron repletion on outcomes other than Hb level is largely unexplored in the ND-CKD population. There is a growing awareness from trials in patients with chronic heart failure, with and without concomitant ND-CKD, that the benefits of IV iron therapy in iron-deficient individuals are not restricted to improved erythropoiesis. The large, randomized FAIR-HF trial recently demonstrated that IV iron therapy significantly improved symptoms, quality of life and functional capacity versus placebo even in non-anaemic patients with iron deficiency [27] . Additionally, this study suggested that the correction of iron deficiency with IV iron might improve renal function in ND-CKD patients with chronic heart failure [27, 28] . 
USE OF IV IRON IN NON-DIALYSIS CKD
There is currently no widely accepted consensus on whether IV or oral iron should be used as first-line therapy to replete iron stores and treat iron deficiency anaemia in patients with ND-CKD. The recent KDIGO Anemia Guideline, therefore, proposes a 1-to 3-month trial of oral iron therapy in ND-CKD and IV iron in patients receiving dialysis [16] . The recent European Renal Best Practice position statement recommends a minimum 3-month trial of oral iron unless there is gastrointestinal intolerance, oral iron is ineffective, severe anaemia is present, or to preserve vascular access [29] . While it is recognized that some patients may benefit from oral iron therapy, studies comparing oral with IV iron in ND-CKD populations have demonstrated that IV iron is superior to oral iron with regard to replenishing iron stores, and have shown a small but significant superiority to oral iron with regard to increasing Hb [26] . These studies, however, have been relatively small and of short duration, such that the long-term safety and efficacy of either type of therapy has not been fully elucidated.
The potential benefits of oral iron include convenience and low cost per dose. However, intestinal absorption of iron is often poor, particularly in patients with ND-CKD who are at an increased risk of inflammation with elevated C-reactive protein (CRP) and hepcidin levels. Additionally, gastrointestinal complications are frequently observed when ferrous salts such as ferrous sulphate are used, and adherence can therefore often be poor, an issue compounded by high pill burden [30] . IV iron administration bypasses the problem of poor absorption in the gastrointestinal tract and can more rapidly and efficiently provide iron for erythropoiesis and replenishment of iron stores.
Other important issues that remain unresolved are the optimal dose of IV iron and the appropriate target levels for serum ferritin and TSAT when administering iron therapy. No randomized trial has systematically examined the efficacy and safety of dosing based on specific serum ferritin or TSAT ranges, so it has not been possible to develop strong evidencebased guidelines on this issue [16, 31] . In one prospective cohort study of 228 unselected patients receiving haemodialysis treated with ESA therapy and IV iron sucrose which used protocol-stipulated dose adjustments according to both Hb concentration, percentage hypochromic red cells (< 2%) and serum ferritin level (100-500 µg/L), a close inverse correlation was observed between serum ferritin level and the mean dose of ESA that was required [32] . Consistent with this, Descombes et al. observed in a series of 25 patients receiving haemodialysis that adjusting IV iron dose to target a serum ferritin level of 200-600 µg/L achieved ∼30% reduction in ESA dose while maintaining the same mean Hb level [33] . It may therefore be hypothesized that targeting higher serum ferritin levels could permit delayed or reduced ESA dosing in the ND-CKD population. Hence, the Ferinject ® assessment in patients with iron deficiency anaemia and non-dialysis dependent chronic kidney disease (FIND-CKD) study assessed whether targeting higher ferritin levels with IV iron is more effective than oral iron or, indeed, targeting lower ferritin levels with IV iron.
C U R R E N T C L I N I CA L Q U E S T I O N S
Clinicians managing patients with ND-CKD and iron deficiency, with or without anaemia, currently lack of rigorous data to inform their decision-making regarding the timing and route of administration for iron therapy, the optimal serum ferritin and/or TSAT targets, and when to use ESA therapy. The FIND-CKD study was undertaken to address these important clinical questions and to assist the clinician in managing anaemia in their patients with ND-CKD. The study employed a rigorous study design that compared IV iron therapy targeting pre-defined serum ferritin levels versus oral iron therapy, in terms of preventing or delaying the use of other anaemia management therapies (e.g. ESA therapy, other iron therapy or blood transfusions) and a number of other clinically pertinent secondary end points. The study was also designed to address the question of whether targeting a higher or lower serum ferritin level with IV iron is more effective than oral iron.
T H E F I N D -C K D S T U DY D E S I G N
Overview FIND-CKD was a 56-week, open-label, multicentre, prospective, randomized, three-arm study (ClinicalTrials.gov identifier: NCT00994318) (Figure 1 ). The primary objective of the study was to evaluate the long-term efficacy of IV FCM (using targeted serum ferritin levels to determine dosing) or oral iron to delay and/or reduce use of ESA therapy or other anaemia management options in patients with ND-CKD and iron deficiency anaemia. FIND-CKD was the first randomized trial to compare IV versus oral iron using two different IV iron dosing schemes based on a target range for serum ferritin of 400-600 and 100-200 µg/L-'high ferritin' and 'low ferritin' FCM dosing groups, respectively. The schedule of study procedures is summarized in Supplementary Material, Appendix S1.
The FIND-CKD study employed a treatment algorithm that reflects the latest international guidance on anaemia management in CKD from KDIGO [16] , which recommends that iron deficiency should be treated before ESA therapy is initiated. The protocol also employed a cautious approach to the introduction of ESA, i.e. ESA therapy was only considered in cases when the Hb level falls <10.0 g/dL, reflecting changes in the prescribing information for ESA therapy from the U.S. Food and Drug Administration (FDA) [34] .
FIND-CKD was the longest duration randomized controlled trial of IV iron therapy to be performed to date in patients with ND-CKD. Patients were recruited into the 56-week study at 193 sites in 20 countries: Australia, Austria, Belgium, Czech Republic, Denmark, France, Germany, Greece, Italy, the Netherlands, Norway, Poland, Portugal, Romania, Spain, Sweden, Switzerland, Turkey, UK and the USA. The study was conducted according to the principles of the Declaration of Helsinki and the ICH Guidelines for Good Clinical Practice. All patients provided written informed consent.
O R I G I N A L A R T I C L E
T h e F I N D -C K D s t u d y : b a c k g r o u n d a n d r a t i o n a l e Selection of study population The study population was comprised of patients with ND-CKD who had one or more Hb level between 9 and 11 g/dL, and any single serum ferritin level <100 (or <200 µg/L with TSAT <20%), within the 4 weeks prior to randomization (Table 2) . These criteria were chosen based on the European Renal Best Practice guidelines at the time of study initiation, which recommended targeting an Hb concentration of 11-12 g/dL with a lower limit of 100 µg/L for serum ferritin and 20% for TSAT [36] . The lower Hb limit of 9 g/dL was selected to exclude patients with severe anaemia, who would be more likely to require blood transfusion within the first 8 weeks of the study and who, if randomized to oral iron, may not have received appropriate iron management [16] . While serum ferritin <100 µg/L indicates the presence of absolute iron deficiency in CKD, functional iron deficiency may be present despite normal serum ferritin levels, i.e. the patient can be regarded as irondeficient even when serum ferritin exceeds 100 µg/L if inadequate iron is available for erythropoiesis. Therefore, an inclusion criterion of serum ferritin <200 µg/L with TSAT <20% [37] was also used. Additional entry criteria were also applied to ensure that patients did not have rapidly deteriorating renal function, to minimize the risk that a patient would progress to end-stage renal failure during the 12-month study ( Table 2 ). All patients were required to be 'ESA naïve', defined as no exposure to ESA therapy in the 4 months prior to randomization. Oral iron therapy (>100 mg iron/day) was to be discontinued at least 1 week prior to randomization.
Key exclusion criteria are summarized in Table 2 .
Randomization
In total, 626 patients were randomized in a 1:1:2 randomization ratio (high ferritin FCM group: low ferritin FCM group: oral iron group). This ratio was selected to ensure a 1:1 randomization ratio for FCM therapy versus oral iron and a 1:1 comparison between the high ferritin and low ferritin FCM groups, with balanced recruitment to FCM or oral iron therapy overall.
Intervention
The FCM doses in the high ferritin and low ferritin groups were adjusted to a target serum ferritin level in the range 400-600 and 100-200 µg/L, respectively. An initial dose of 1000 mg iron in the high ferritin group (500 mg iron on Days 0 and 7 in patients weighing ≤66 kg) and 200 mg iron in the low ferritin group was administered on Day 0 if the serum ferritin level was <100 µg/L. During Weeks 4-48, FCM was administered every 4 weeks if the serum ferritin level was <400 µg/L in the high ferritin group or <100 µg/L in the low ferritin group and if TSAT was <40% (Figure 2 ). For subjects with a TSAT >35% from a prior assessment (completed >10 days prior to the planned day of FCM administration), dosing was withheld until the TSAT level was confirmed to be <40%.
Oral iron therapy consisted of commercially available ferrous sulphate, administered at a dose of 200 mg iron/day to Week 52. Dosing was suspended if the serum ferritin was 200 µg/L or higher, and was resumed if the serum ferritin level fell below 100 µg/L.
Initiation of other anaemia management
During the first 8 weeks after the start of randomized therapy, subjects were not to receive ESA therapy, red cell transfusion or any other treatment to manage the Hb level unless there was an absolute requirement (e.g. severe or serious adverse reaction to randomized treatment, unable to continue assigned medication or rapid Hb drop requiring ESA therapy or transfusion). After this initial 8-week period, ESA or other therapies could be F I G U R E 1 : FIND-CKD study design. ESA-naïve was defined no exposure to ESA therapy in the four months prior to randomisation. ESA, erythropoiesis-stimulating agent; FCM, ferric carboxymaltose; ND-CKD, non-dialysis dependent chronic kidney disease. initiated as per local practice if the Hb level decreased to <10 g/dL, and could include any combination of ESA, iron therapy (oral, IV or intramuscular), blood transfusion or other therapies to achieve and maintain the Hb level within the applicable guideline range. ESA therapy was not permitted in subjects with Hb level ≥10 g/dL. An alternative form of iron therapy was only to be initiated in subjects with Hb level >10 g/dL when the subject could not comply or tolerate the randomized treatment arm.
Study end points
The primary end point of the study was time to initiation of other anaemia management, such as ESA therapy or transfusion or an Hb trigger (two consecutive Hb values <10 g/dL and without an Hb increase ≥0.5 g/dL during Weeks 8-52). Introduction of an alternative iron product, or a change in the protocol-specified dosing schedule or total iron dose to address a lack of efficacy or a treatment-related adverse event, was also regarded as meeting the primary end point. Secondary end points are summarized in Table 3 .
Statistical analysis
The primary end point, time to the initiation of other anaemia management or Hb trigger, is being analysed in all intent-to-treat (ITT) subjects based on Kaplan-Meier survival analyses, using the log rank test to compare treatment arms. Three primary comparisons will be made using a hierarchical step-down procedure to preserve the overall α level of 0.05, in the following order: (i) high ferritin FCM versus oral iron, (ii) high ferritin FCM versus low ferritin FCM and (iii) low ferritin FCM versus oral iron. The sample size calculation (Supplementary Material, Appendix S2) indicated that 360 subjects were required to provide 90% power to detect a difference in the primary end point between the high ferritin FCM group and the oral iron group, which is considered to be the primary comparison.
For continuous secondary end points, analysis of covariance models will be used, implementing repeated measures procedure, and including treatment group, visit, pooled country, baseline Hb and/or baseline ferritin as covariates. For categorical end points, survival analyses and logistic regressions will be performed, and odds ratios will be used to compare treatment Chronic liver disease and/or screening alanine transaminase or aspartate transaminase greater than three times the upper limit of the normal range Active HIV infection or AIDS syndrome, or active hepatitis B or C virus infection d Anaemia due to reasons other than iron deficiency (e.g. haemoglobinopathy). Subjects with treated vitamin B12 or folic acid deficiency were permitted IV iron and/or blood transfusion in previous 30 days prior to screening or during screening period Oral iron therapy at doses >100 mg/day dosing were to be discontinued at least 1 week prior to randomization Receipt of oral iron therapy (>100 mg/day) for >3 months e Immunosuppressive therapy that may lead to anaemia Currently requiring renal dialysis or anticipated dialysis or transplantation during the study Anticipated need for surgery that may result in significant bleeding (>100 mL) Currently suffering from chronic heart failure New York Heart Association Class IV Poorly controlled hypertension (>160 mmHg systolic pressure or >100 mmHg diastolic pressure) Acute coronary syndrome or stroke within the 3 months prior to screening Body weight <35 kg eGFR, estimated glomerular filtration rate; ESA, erythropoiesis-stimulating agent; FCM, ferric carboxymaltose; MDRD, modification of diet in renal disease; ND-CKD, non-dialysis dependent chronic kidney disease; TSAT, transferrin saturation. 
O R I G I N A L A R T I C L E
T h e F I N D -C K D s t u d y : b a c k g r o u n d a n d r a t i o n a l e groups. The significance level will be set at α = 0.05 and no adjustment will be made for testing multiple secondary outcomes.
The ITT population will be comprised of all subjects who received at least one dose of randomized treatment and attended at least one post-baseline visit. The safety population will include all subjects who received at least one dose of randomized treatment. All statistical analyses will be performed using SAS Version 9.0 or later (SAS Institute Inc. SAS/STAT, Cary, NC).
C L I N I CA L R E L E VA N C E O F T H E F I N D -C K D R E S U LT S
An evidence-based approach to the use of iron therapy for the treatment of iron deficiency anaemia in patients with ND-CKD has been hampered by a lack of randomized, controlled trials of sufficient size and duration. Additionally, the majority of trials have been performed in ND-CKD patients receiving ESA therapy and have used Hb response as their primary end point, and the limitations of this approach have become clear in recent years. A clinical trial such as FIND-CKD is therefore long overdue. The results of FIND-CKD are also likely to receive particular attention in light of safety concerns related to ESA therapy, particularly at high doses [34, 38, 39] , and the 2012 KDIGO Anemia Guideline [16] .
Unlike in haemodialysis patients where IV iron is universally recommended, there is currently no international consensus regarding which route of administration of iron therapy is more appropriate for the treatment of iron deficiency anaemia in patients with ND-CKD. The choice of F I G U R E 2 : Study treatment. FCM, ferric carboxymaltose. Change from baseline to end of study for haematological and iron parameters Change from baseline to end of study for eGFR (MDRD formula) Requirement for dialysis Change in health-related quality of life from baseline to end of study (SF-36) Health resource utilization over the study period (direct, indirect and total costs from payer's and societal perspective) Cost effectiveness of treatment options using relevant effectiveness parameters Percentage of subjects discontinuing the study drug due to intolerance eGFR, estimated glomerular filtration rate; ESA, erythropoiesis-stimulating agent; MDRD, modification of diet in renal disease; SF-36, short-form health survey.
route of administration therefore often varies from country to country and from centre to centre, and indeed among individual nephrologists within the same centre. FIND-CKD will provide a robust comparison of the effectiveness and safety of the two routes of administration and help inform clinical practice in patients with ND-CKD not receiving ESA therapy. In addition, the study will examine whether the route of administration and dosing protocol has benefits beyond achieving certain laboratory targets, such as a significant impact on quality of life.
FIND-CKD will also evaluate the potential for IV iron therapy targeting pre-defined serum ferritin levels, and for oral iron, to delay, reduce or avoid ESA administration as well as other anaemia treatment options such as other iron therapy or blood transfusions. Avoiding or decreasing blood transfusions would be welcomed given the recent increase in blood transfusions that has occurred since the publication of CREATE [12] , CHOIR [13, 14] and TREAT [15] , coupled with the FDA-mandated change in the ESA label, as well as the risk of transfusion-induced sensitization to human leukocyte antigens with adverse effects on waiting time for transplantation and immunological status following transplant [40, 41] .
The study protocol specified that ESA therapy should not be initiated until the Hb level was <10 g/dL, which is consistent with the latest guidance from KDIGO [16] and the FDA [34] . Using this contemporary protocol, particular attention will be paid to the proportion of subjects requiring ESA therapy, and whether the IV route of administration utilizing a high ferritin or low ferritin target compared with the oral route confers any additional benefit in terms of a reduction in the requirement for ESA therapy.
Data on the progression of renal function [eGFR (modification of diet in renal disease formula)] will also be of particular interest since there are several studies with conflicting results regarding the impact of iron therapy on renal function. Some small clinical studies have suggested that IV iron therapy may adversely affect renal tubular function and increase proteinuria [42] [43] [44] . The effect of IV iron on renal function in FIND-CKD (a secondary end point) will therefore be of great interest. Furthermore, FIND-CKD will allow a direct comparison of the safety profile of IV versus oral iron therapy, although it should be noted that the trial was powered for the primary efficacy end point, not for a safety end point.
Finally, the study will evaluate the cost effectiveness of each treatment arm. A key aspect of anaemia management is the cost of ESA therapy, which represents the largest drug expenditure for ND-CKD patients [45] . In other therapeutic areas, it has been proposed that the use of FCM is cost saving due largely to reduced requirements for ESA [46] . Results of the health economic assessment will help to determine the cost impact of FCM in the setting of ND-CKD and, specifically, if IV iron dosing according to different serum ferritin targets is cost saving compared with oral iron.
Answers to these questions from the FIND-CKD trial are awaited with interest by the nephrology community. Recruitment to the study has been completed, and the first results from the study are expected in late 2013.
S U P P L E M E N TA RY D ATA
Supplementary data are available online at http://ndt.oxfordjournals.org. 
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